Objective: To establish risk factors for the presence of HSV-2 and HSV-1 infections in pregnant women. Design, population, and setting: A prospective study of 3306 women attending the antenatal department Westmead Hospital, Sydney, between June 1995 and April 1998. Methods: Women completed a self administered questionnaire to establish risk factors for the presence of HSV-2 and HSV-1. Sera were tested for antibodies to HSV-2 and HSV-1. Data were analysed using SPSS and SAS. Main outcome measures: Seroprevalence of and risk factors for HSV-2 and HSV-1. Results: 375 (11.3% (95% CI 10.3-12.5)) women were HSV-2 antibody positive. Increasing age, Asian country of birth, lower education level, public hospital status, confirmed genital herpes, a partner with genital herpes, early age of first sex, more than one lifetime sexual partner, and previous chlamydia infection were independently associated with HSV-2 seropositivity. Of 408 women tested for HSV-1 antibodies, 323 (79.2% (95% CI 74.9-83.0)) were positive. Oral herpes, oral blisters or sores, and being HSV-2 seropositive were independently associated with HSV-1 seropositive status. When the logistic regression model was rerun without HSV-2 status, parity of two or more and one or more sexual partners in the past 3 months were significant predictors of HSV-1 seropositivity.
Introduction
Genital herpes can be caused by herpes simplex virus type 1 (HSV-1) or HSV-2. However, about 50% of new cases of genital herpes are now due to HSV-1. Type specific serology has established that HSV infections are common and mostly asymptomatic.
1 Risk factors for the acquisition of HSV-2 include age, sex, education level, number of sexual partners, age of coitarche, and a history of previous sexually transmitted infections (STIs) . [2] [3] [4] [5] [6] [7] [8] Some risk factors for the acquisition of HSV-1 may also be sexually related. 8 Identifying risk factors for HSV infection provides the opportunity to develop health promotion programmes based on primary prevention. Therefore, we sought to determine the risk factors for HSV-2 and HSV-1 infections in a group of women attending the antenatal clinic of a large teaching hospital in Sydney.
Methods
The study was conducted in the obstetric department at Westmead Hospital, Sydney, Australia, between June 1995 and April 1998. The Western Sydney Area Health Service research ethics committee approved the study. Written informed consent was obtained.
Participants completed a self administered questionnaire covering demographic details and risk factors for HSV infection such as age, age of coitarche, lifetime numbers of sexual partners, and a history of genital herpes.
Maternal and cord serum samples were collected to establish the HSV-2 seroprevalence and seroconversion rates during pregnancy. 9 Samples were tested for HSV-2 antibodies using an indirect enzyme linked immunosorbent assay (ELISA) specific to glycoprotein G2 (gG2). 10 The sensitivity and specificity of this assay is greater than 98% 10 and all equivocal results were resolved by western blot. 11 If a maternal serum sample was not available the matching cord sample was used as the HSV-2 seroconversion rate during pregnancy for this population was very low (0.34 per 100 women years). 9 Owing to financial constraints, a systematic sample of sera (one in eight) was tested to establish the HSV-1 seroprevalence. The Behring ELISA, which detects total antibody to HSV, was used to test HSV-2 seronegative samples.
11 HSV-2 seropositive samples were tested using western blot. This technique was employed as an accurate, cheap, and labour eYcient HSV-1 ELISA was not available.
Questionnaire responses and serology results were entered onto a database. Using SPSS and SAS, univariate and multiple logistic regression analyses were performed to establish which demographic and behavioural factors, were associated with HSV serostatus.
Results
A total of 3706 women were recruited. However, 400 were excluded as no serum sample was available. The reasons for missing sera included mislaid samples, sample never taken, or sample taken at a private laboratory and not available for testing. In all, 3306 maternal or cord HSV-2 results and 408 maternal HSV-1 results were available for analysis.
RISK FACTORS FOR HSV-2 SEROSTATUS
Three hundred and seventy five of the 3306 (11.3% 95% CI 10.3-12.5%) women were HSV-2 antibody positive. A large number of demographic and behavioural risk factors were associated with HSV-2 seropositivity. These were country of birth (COB) (p<0.01), education level, age, whether they were public or private patients, previous genital herpes, a partner with genital herpes, lifetime number of sexual partners, age at coitarche, number of pregnancies, number of live births, history of chlamydia, history of human papillomavirus infection (all p = 0.001), and history of syphilis (p<0.04). Although the lifetime number of partners is shown as a dichotomy, one and more than one, further analysis showed a trend of increasing risk with an odds ratio for more than 20 partners of 6.8 (95% CI 3.8-12.1).
On the basis of statistical significance (p<0.05) and perceived clinical importance 11 variables assessed using univariate analysis were entered into the multiple logistic regression model. Gravidity and history of warts were subsequently excluded as they were found to be significant confounders. The final model contained nine variables. The results are summarised in table 1. Increasing age, a north Asian or South East Asian country of birth, lower education level, public hospital status, confirmed genital herpes, a partner with genital herpes, early age of coitarche more than one lifetime partner, and previous genital chlamydia infection were the predictors significantly associated (p<0.05) with HSV-2 seropositive status using multiple logistic regression analysis (table 1) .
RISK FACTORS FOR HSV-1 SEROSTATUS
Three hundred and twenty three of the 408 (79.2% (95% CI 74.9-83.0)) serum samples available for testing were HSV-1 positive. On univariate analysis, country of birth, previous oral herpes, history of oral blisters or sores, HSV-2 serostatus, parity, and gravidity were significantly associated with HSV-1 serostatus. Multiple logistic regression analysis found that previous oral herpes, a history of oral blisters or sores, and HSV-2 seropositive status were the only independent (p<0.05) predictors of HSV-1 serostatus. However, when the logistic regression model was rerun without HSV-2 status, parity of two or more and one or more sexual partners in the past 3 months, in addition to a history of oral blisters or sores, were significant predictors of HSV-1 seropositivity (table 2) . 
Discussion
This study has shown that in women there are many demographic and sexual risk factors for the presence of HSV-2. The demographic risk factors that were independently associated with HSV-2 were north Asian and South East Asian country of birth, lower education level, public hospital status and increasing age. The sexual risk factors were early age at coitarche, more than one lifetime sexual partner, having a partner with genital herpes, and previous chlamydia infection. In addition, women with a history of genital herpes were almost six times more likely to be HSV-2 seropositive than those who were not. These findings confirm the importance of sexual risk factors for the acquisition of HSV-2. In our study, women with more than one lifetime sexual partner were twice as likely to have HSV-2 antibodies than those with one and women who delayed coitarche until they were 24 or over, were 70% less likely to have antibodies to HSV-2 than those who commenced sexual activity at 15 or younger. Age, fewer years of education, and whether the patient was public or private (an indirect measure of socioeconomic status) have all been shown in previous studies and confirmed in our study to be independent risk factors for HSV-2 infection. 10 In contrast with HSV-2 infection, our study revealed a small number of risk factors (previous oral herpes, previous oral blisters or sores, and HSV-2 seropositivity) for HSV-1 seropositivity. When HSV-2 was removed from the multiple logistic regression model, HSV-1 was found to be associated with increasing parity and one or more sexual partners in the past 3 months, suggesting that HSV-1 infection may be related to sexual behaviour. This is the first evidence that both HSV-1 and HSV-2 are associated with the number of sexual partners.
This study has identified two behavioural risk factors for HSV-2 infection that could be important in mounting an eVective health promotion campaign, the age of coitarche, and the number of sexual partners. Encouraging young people to delay coitarche and to limit the number of sexual partners may be a diYcult message to sell but the potential health gains, especially for women less than 20 years old, are considerable. Studies to develop innovative health promotion programmes involving young people will be essential to ensure success. The possible availability of an HSV-2 vaccine that is able to protect over 70% of women oVers the best hope for control of genital herpes. 12 This study was funded by grants from the Ramaciotti Foundation and the Australian National Health and Medical Research Council (954001). We would like to thank Dr Catherine O'Connor for her assistance at the beginning of the study, Jane GriYth, the nursing and midwifery staV in the antenatal clinics, Jude Page, Katherine Wagner, Jocelyn Ling, and Stuart Gilmore for their help in recruiting patients, Mr Con Tsiavos from the Information Services Division at Westmead Hospital for assistance in data retrieval, and Stig Jeanson for the gG2 antigen.
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